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STARTING FLUORESCENT LAMPS WITH A
VOLTAGE FED INVERTER

BACKGROUND OF THE INVENTION

The present application 1s directed to electronic ballasts. It

finds particular application 1n conjunction with the fluores-
cent lamps and will be described with the particular reference
thereto.

A ballast 1s an electrical device which 1s used to provide
power to a load, such as an electrical lamp, and to regulate the
current provided to the load. The ballast provides high voltage
to start a lamp by 10nizing suilicient plasma (vapor) for the arc
to be sustained and to grow. Once the arc 1s established, the
ballast allows the lamp to continue to operate by providing
proper controlled current flow to the lamp.

Typically, after the alternating current (AC) voltage from
the power source 1s rectified and appropnately conditioned,
the inverter converts the DC voltage to AC. The inverter
typically includes a pair of serially connected switches, such
as MOSFETs which are controlled by the drive gate control
circuitry to be “ON” or “OFF.’

In conventional voltage fed designs, the inverter does not
boost the power applied to the lamps during the glow-arc
transition, causing this transition to be slower than desired.
Additionally, different sizes and/or lengths of lamps translate
into different current requirements, which 1n turn require
conventional inverters to limit the amount of power provided
to the lamp terminals.

The following contemplates new methods and apparatuses
that overcome the above referenced problems and others.

BRIEF DESCRIPTION OF THE INVENTION

According to an aspect, alamp ballast comprises a resonant
circuit with a high-frequency bus coupled to at least one lamp,
a control circuit coupled to the high-frequency bus, and an
inverter circuit with first and second gate drive circuits that
generate a wavetorm mput for the resonant circuit. The ballast
turther comprises a bias voltage supply that supplies voltage
to a power factor correction (PFC) circuit coupled to the
ballast, and a startup circuit, coupled to the second gate drive
circuit by a switch, and having a first capacitor that 1s charged
by the PFC circuit during startup. The second gate drive
circuit 1s turned on when the first capacitor reaches a prede-
termined threshold voltage, causing the switch to send a pulse
to the second gate drive circuit.

According to another aspect, a startup system for a fluo-
rescent lamp ballast comprises a voltage-fed inverter circuit
having first and second gate drive circuits, a bias voltage
supply, and a resonant circuit, coupled to the mverter circuit
and to at least one fluorescent lamp. The startup system fur-
ther comprises a control circuit that 1s coupled to the inverter
circuit and the resonant circuit, and a startup circuit that is
hardwired to the iverter circuit, with a first capacitor that
charges when the bias voltage supply supplies voltage to the
startup circuit through the PFC circuat.

According to yet another aspect, a startup circuit comprises
a diode with an anode connected to a positive terminal and a
cathode connected to a first node; a capacitor connected to the
first node, and a second node; a first resistor connected in
parallel with the capacitor; and a second resistor connected to
the first node and to a switch. The second node 1s coupled to
a negative terminal and to ground, and the startup circuit
sends a pulse, via the switch, to start a gate drive circuit.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates a ballast circuit that employs a voltage fed
inverter to 1ncrease power to one or more lamps during a glow
phase during startup, and then decrease power during an arc
phase of startup;

FIGS. 2 and 3 illustrate a control circuit coupled to the
inverter circuit;

FIG. 4 1llustrates a startup circuit that facilitates enhancing
a glow-to-arc transition of a fluorescent lamp using a voltage-
ted iverter topology.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, a ballast circuit 6 1s 1llustrated,
which employs a voltage fed inverter to increase power to one
or more lamps during a glow phase during startup, and then
decrease power during an arc phase of startup. The ballast
circuit 6 includes an inverter circuit 8, a resonant circuit or
network 10, and a clamping circuit 12. A DC voltage 1s
supplied to the inverter 8 via a voltage conductor 14 running
from a positive voltage terminal 16 and a common conductor
18 connected to a ground or common terminal 20. A high
frequency bus 22 1s generated by the resonant circuit 10 as
described 1n more detail below. Additionally, the high-fre-
quency bus 22 1s connected to a node, labeled “+B,” which 1n
turn 1s connected to a controller circuit 108, described 1n
greater detail below. First, second, . . ., nth lamps 24, 26, .. .,
28 are coupled to the high frequency bus via first, second, . . .,
nth ballasting capacitors 30, 32, . . ., 34. Thus 1f one lamp 1s
removed, the others continue to operate. It 1s contemplated
that any number of lamps can be connected to the high fre-
quency bus 22. E.g., each lamp 24, 26, . . . , 28 1s coupled to
the high frequency bus 22 via an associated ballasting capaci-
tor 30, 32, . . ., 34. Power to each lamp 24, 26, . . ., 28 15
supplied via respective lamp connectors 36, 38. Lamp con-
nectors 38 are connected pairwise to respective blocking
capacitors 39.

The inverter 8 includes analogous upper and lower or first
and second switches 40 and 42, for example, two n-channel
MOSFET devices (as shown), connected between conductors
14 and 18, to excite the resonant circuit 10. Two p-channel
MOSFETs may alternatively be configured. A resistor 41 1s
connected 1n parallel with the first switch 40. The high fre-
quency bus 22 1s generated by the inverter 8 and the resonant
circuit 10 and includes a resonant inductor 44 and an equiva-
lent resonant capacitance which includes the equivalence of
first, second and third capacitors 46, 48, 50, and ballasting

capacitors 30, 32, . . ., 34, which also prevent DC current
flowing through the lamps 24, 26, . . . , 28. The ballasting
capacitors 30, 32 . . ., 34 are primarily used as ballasting
capacitors.

The switches 40 and 42 cooperate to provide a square wave
at a common or first node 52 to excite the resonant circuit 10.
(Gate or control lines 54 and 56 run from the switches 40 and
42. Each control line 54, 56 includes a respective resistance

60, 62.

With continuing reference to FIG. 1, first and second gate
drive circuitry or circuit, generally designated 64, 66, 1s con-
nected to first and second switches 40 and 42, respectively,
and includes first and second driving inductors 68, 70 which
are secondary windings mutually coupled to the resonant
inductor 44 to induce 1n the driving inductors 68, 70 voltage
proportional to the instantaneous rate of change of current in
the resonant circuit 10. First and second secondary inductors
72,74 are senially connected to the respective first and second
driving inductors 68, 70 and the gate control lines 54 and 56.
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The gate drive circuitry 64, 66 1s used to control the opera-
tion of the respective upper and lower switches 40 and 42.
More particularly, the gate drive circuitry 64, 66 maintains the
upper switch 40 “OFF” for a first half of a cycle, and the lower
switch 42 “OFF” for a second half of the cycle. The square
wave 1s generated at the node 352 and 1s used to excite the
resonant circuit 10. First and second bi-directional voltage
clamps 76, 78 are connected 1n parallel to the secondary
inductors 72, 74 respectively, each including a pair of back-
to-back Zener diodes. The bi-directional voltage clamps 76,
78 act to clamp positive and negative excursions of gate-to-
source voltage to respective limits determined by the voltage
ratings of the back-to-back Zener diodes. Each bi-directional
voltage clamp 76, 78 cooperates with the respective first or
second secondary inductor 72, 74 so that the phase angle
between the fundamental frequency component of voltage
across the resonant circuit 10 and the AC current in the reso-
nant inductor 44 approaches zero during ignition of the
lamps.

A capacitor 85, connected between the common node 52
and the common conductor 18, acts as a snubber capacitor to
allow switches 40 and 42 to switch on and off when their D-S
terminals are at zero volts. Upper and lower capacitors 90, 92
are connected 1n series with the respective first and second
secondary mutually coupled inductors 72, 74. In the starting
process, the capacitor 92 1s charged from the voltage terminal
16, while a resistor 94 shunts the capacitor 90 to prevent the
capacitor 90 from charging. This prevents the switches 40 and
42 from turning ON, mitially, at the same time. The voltage
across the capacitor 92 1s mitially zero, and, during the start-
ing process, the serially-connected inductors 70 and 74 act
essentially as a short circuit, due to a relatively long time
constant for charging of the capacitor 92. When the capacitor
92 15 charged to the threshold voltage of the gate-to-source
voltage of the switch 42, (e.g., 2-3 volts), the switch 42 turns
ON, which results 1n a small bias current tflowing through the
switch 42. The resulting current biases the switch 42 in a
common drain, Class A amplifier configuration. This pro-
duces an amplifier of suilicient gain such that the combination
of the resonant circuit 10 and the gate control circuit 66
produces a regenerative action which starts the inverter into
oscillation, near the resonant frequency of the network
including the capacitor 92 and inductor 74. The generated
frequency 1s above the resonant frequency of the resonant
circuit 10, which allows the inverter 8 to operative above the
resonant frequency ol the resonant network 10. This produces
a resonant current which lags the fundamental of the voltage
produced at the common node 52, allowing the mverter 8 to
operate 1n the soit-switching mode prior to 1gniting the lamps.
Thus, the mverter 8 starts operating 1n the linear mode and
transitions into the switching Class D mode. Then, as the
current builds up through the resonant circuit 10, the voltage
of the high frequency bus 22 increases to 1gnite the lamps,
while maintaining the soft-switching mode, through 1gnition
and 1nto the conducting, arc mode of the lamps.

During steady state operation of the ballast circuit 6, the
voltage at the common node 52, being a square wave, 1s
approximately one-half of the voltage of the positive terminal
16. The bias voltage that once existed on the capacitor 92
diminishes. The frequency of operation 1s such that a first
network 96 including the capacitor 92 and inductor 74 and a
second network 98 including the capacitor 90 and inductor 72
are equivalently inductive. That 1s, the frequency of operation
1s above the resonant frequency of the identical first and
second networks 96, 98. This results in the proper phase shift
of the gate circuit to allow the current tlowing through the
inductor 44 to lag the fundamental frequency of the voltage
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produced at the common node 52. Thus, soit-switching of the
inverter 8 1s maintained during the steady-state operation.

With continuing reference to FIG. 1, the output voltage of

the mverter 8 1s clamped by senally connected clamping
diodes 100, 102 of the clamping circuit 12 to limit high
voltage generated to start the lamps 24, 26, . . ., 28. The
clamping circuit 12 further includes the second and third
capacitors 48, 50, which are essentially connected 1n parallel
to each other. Each clamping diode 100, 102 1s connected
across an associated second or third capacitor 48, 50. Prior to
the lamps starting, the lamps’ circuits are open, since 1imped-
ance of each lamp 24, 26, . . . , 28 1s seen as very high
impedance. The resonant circuit 10 1s composed of the
capacitors 46, 48, 50 and the resonant inductor 44 and 1is
driven near resonance. As the output voltage at the common
node 52 increases, the clamping diodes 100, 102 start to
clamp, preventing the voltage across the second and third
capacitors 48, 50 from changing sign and limiting the output
voltage to the value that does not cause overheating of the
inverter 8 components. When the lamps 1gnite, the impedance
decreases quickly. Capacitors 30, 32, . . ., 34 and 39 now
become additional components of the resonant circuit. The
arc resistances of the lamps load the resonant circuit. The
voltage at the bus 22 decreases accordingly. The clamping
diodes 100, 102 discontinue clamping the second and third
capacitors 48, 50 and the ballast 6 enters steady state opera-
tion. The resonance 1s dictated by the capacitors 30, 32, .
34, 46, 48, 50 and the resonant inductor 44. Capacitors 39
have a minor contribution to the resonant circuit because their
values are chosen to be much higher than capacitors 30,
32,...,34.

In the manner described above, the mverter 8 provides a
high frequency bus 22 while maintaining the soft switching
condition for switches 40, 42. The inverter 8 1s able start a
single lamp when the rest of the lamps are 11t because there 1s
suificient voltage at the high frequency bus to allow for 1gni-
tion.

The circuit 6 additionally includes power factor correction
(PFC) circuitry 104, which 1s coupled to a bias voltage supply
106. The bias supply 106 turns on the PFC circuitry 104,
increases voltage to a capacitor 174 (described below with
regard to FI1G. 4), which charges and then sends a pulse to the
low-side switch 42 of the inverter 8, which causes the inverter
8 to turn on.

With reference to FIGS. 2 and 3, a tertiary circuit 108 1s
coupled to the 1mverter circuit 8. More specifically, a tertiary
winding or mductor 110 1s mutually coupled to the first and
second secondary inductors 72, 74, and the circuit 108 1s
hardwired to the ballast circuit 6 via node +B. Additionally,
FIGS. 1-3 include anode “-~B,” which can be a ground. In this
embodiment, the first and second bi-directional voltage
clamps 76, 78 are optionally omitted. An auxiliary or third
voltage clamp 112, which includes first and second Zener
diodes 114, 116, 1s connected 1n parallel to the tertiary induc-
tor 110. Because the tertiary inductor 110 1s mutually coupled
to the first and second secondary inductors 72, 74, the auxil-
1ary voltage clamp 112 simultaneously clamps the first and
second gate circuits 64, 66.

Different values of the Zener diodes 114, 116 of the voltage
clamp 112 are useful 1n allowing the ballast 6 to change the
current and subsequently the power provided to the lamps 24,
26, ..., 28. In an instant-start ballast, the 1nitial mode of the
lamp operation 1s glow. In the glow mode, the voltage across
the lamp electrodes 1s high, for example, 300V. The current
which tlows in the lamp 1s typically lower than the runming
current, for example, 40 or 50 mA 1nstead of 180 mA. The

clectrodes heat up and become thermionic. Once the elec-
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trodes become thermionic, the electrodes emit electrons 1nto
the plasma and the lamp 1gnites.

For example, during 1gnition of the lamps 24, 26, . . ., 28,
the clamping voltage of the tertiary winding 110 1s increased
to allow more glow power. After the lamps have started, the
voltage can be folded back to allow the rated steady-state
current to flow. This function can be implemented via a con-
troller 120.

More specifically, prior to 1ignition, a capacitor 122 1s dis-
charged, causing a switch 124, such as a MOSFFET, to be 1n
the “OFF” state. When the inverter 8 starts to oscillate, the
capacitor 122 charges via lines 126 and 128, which couple to
a full-wave bridge rectifier. The tertiary winding 110 1s
clamped by serially connected first and second Zener diodes

114, 116, which are coupled to the drain and source of the
MOSFET 124. When the capacitor 122 charges to the thresh-

old voltage of the MOSFET 124, the MOSFET 124 turns ON,
shunting current away from the second Zener diode 116 that
1s connected across the drain and source terminals of the
MOSFET 124, and the control circuit to start regulating.
Since the capacitor 122 1s connected 1n series with a resistor
140, 1t takes time for the capacitor to charge to the threshold
voltage of the MOSFET 124. A resistor 142 1s connected to
the gate and source of the MOSFET 124. A third Zener diode
144 1s connected to the gate of the MOSFET 124 and to the
output line 126. A resistor 148 1s connected 1n parallel to the
resistor 140 and capacitor 122. Thus, the higher voltage
clamping of the tertiary winding 110 allows more glow power
to be achieved until the lamps 24, 26, . . ., 28 start. The circuit
108 further includes a diode 150, a fourth Zener diode 152, a
resistor 154, and a capacitor 156, which is connected to node
+B (e.g., the tie-in point to ligh-frequency bus 22 of the
ballast circuit 6).

After a period of time, such as for example from about 0.5
to about 1.0 seconds, the MOSFET 124 turns ON, causing the
tertiary winding 110 to be clamped at a lower voltage. This
allows the lower steady-state lamp power to be achieved.
Thus, the switching of the clamping voltage, such as the
switching of the voltage clamping of the tertiary winding 110
via the Zener diodes 114, 116, causes an increase 1in the power
applied to the lamps 24, 26, . . . , 28 during the glow stage but
tolds back this power to allow the lamps 24, 26, . . ., 28 to
operate under normal predetermined power levels of the
lamps 24, 26, . . ., 28.

FIG. 4 illustrates a startup circuit 170 that facilitates
enhancing a glow-to-arc transition of a fluorescent lamp using
a voltage-fed inverter topology, as described in FIG. 1. The
startup circuit allows the imverter to deliver maximum power
to the lamps during a glow phase, and then fold back to a
desired power level as the lamp transitions into arc mode. The
startup circuit regulates inverter output for a variety of lamp
types (e.g., F28, F30, F32, etc.).

The startup circuit 172 comprises a diode 170 that 1s
coupled to apositive node, cp+, and to each of a capacitor 174,
a resistor 176, and a resistor 178. The other end of the resistor
178 1s coupled to a switch *‘s,” which ties into the second gate
drive circuit 66 of FIG. 1. The other ends of capacitor 174 and
resistor 176 are coupled to a negative terminal, cp—. When the
bias supply 106 (FI1G. 1) turns on the PFC circuitry 104 (FIG.
1), voltage to the capacitor 174 1s increased, causing the
capacitor 174 to charge and then send a pulse to the low-side
switch 42 of the inverter 8 (FI1G. 1), which causes the inverter
8 to turn on. By allowing the DC bus 14 to reach 1ts final value,
the startup circuit 170 facilitates increasing the speed of the
glow-to-arc transition for a variety of lamps.

According to an example, output power to the lamps 1s
regulated by loading the ancillary winding 110. The full-wave
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bridge rectifier 130 rectifies the voltage from the winding 110
and loads the transformer via Zener diodes 114, and 116, and
via MOSFET 124. Dunng startup, MOSFET 124 1s OFF,
causing Zener diodes 114 and 116 to conduct and allowing
the mverter 8 to deliver maximum power to the lamps before
they transition into full arc mode. Capacitor 122 charges via
capacitor 156, resistor 154, resistor 148, diode 150 and Zener

diode 152 until 1t surpasses the Zener voltage of Zener diode
144. As the threshold of MOSFET 124 1s exceeded, the MOS-

FET 124 turns ON, shunting Zener diode 116, and thereby
clamping the ancillary winding 110, which lowers the power
delivered to the lamps. The time required to turn on MOSFET
124 determines how long the inverter 8 1s operated in the
higher-power state, and can be set to, for 1nstance, approxi-
mately 500 ms to ensure that the lamps transition from glow
to arc. Thus, the voltage-fed inverter can operate 1n manner
that mimics a current-fed imnverter while the lamp transitions
from glow to arc, while giving the efficiency, crest factor, and
higher operating frequency advantages associated with the
voltage-fed topology described 1n FIG. 1.

It 1s to be appreciated that the foregoing example(s) 1s/are
provided for 1llustrative purposes and that the subject 1nno-
vation 1s not limited to the specific values or ranges of values
presented therein. Rather, the subject innovation may employ
or otherwise comprise any suitable values or ranges of values,
as will be appreciated by those of skill in the art.

The 1nvention has been described with reference to the
preferred embodiments. Obviously, modifications and alter-
ations will occur to others upon reading and understanding
the preceding detailed description. It 1s mtended that the
invention be construed as including all such modifications
and alterations.

What 1s claimed 1s:

1. A lamp ballast, comprising:

a resonant circuit with a high-frequency bus coupled to at
least one lamp:;

a control circuit, coupled to the high-frequency bus;

an inverter circuit with first and second gate drive circuits

that generate a wavetform mput for the resonant circuit;

a bias voltage supply that supplies voltage to a power factor

correction (PFC) circuit coupled to the ballast; and

a startup circuit, coupled to the second gate drive circuit by

a switch, and having a first capacitor that 1s charged by
the PFC circuit during startup;

wherein the second gate drive circuit 1s turned on when the

first capacitor reaches a predetermined threshold volt-
age, causing the switch to send a pulse to the second gate
drive circuit.

2. The ballast as set forth 1n claim 1, wherein the inverter
circuit delivers maximum power to the at least one lamp
during a glow phase of startup, and a predetermined lesser
level of power during a transition to an arc phase of startup.

3. The ballast as set forth in claim 2, further including a first
resistor, connected 1n a parallel with a first gate drive capaci-
tor in the first gate drive circuit, wherein the first resistor
shunts current from the first gate drive capacitor while the
second gate drive circuit 1s 1n the ON state.

4. The ballast as set forth 1n claim 3, wherein the first gate
drive capacitor charges at a slower rate than a second gate
drive capacitor 1n the second gate drive circuit, causing the
first gate drive circuit to remain in an OFF state until the first
gate drive capacitor reaches 1ts maximum voltage.

5. The ballast as set forth 1n claim 4, wherein the first gate
drive turns ON, and the second gate drive circuit turns OFF
when the first gate drive capacitor reaches its maximum volt-
age.
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6. The ballast as set forth 1n claim 1, wherein the second
gate drive circuit 1s 1n an ON state upon recerving the pulse via
the switch.

7. The ballast as set forth 1n claim 1, further comprising a
first transtformer with a primary winding in the first gate drive
circuit, a secondary winding in the second gate drive circuit,
and a tertiary winding in the resonant circuit.

8. The ballast as set forth 1n claim 7, further comprising a
second transformer with a primary winding in the first gate
drive circuit, a secondary winding in the second gate drive
circuit, and a tertiary winding in the control circuit.

9. The ballast as set forth 1n claim 8, wherein the control
circuit further comprises a gate that 1s initially in an OFF state,
and a diode clamp that conducts current, thereby providing
maximum current to the at least one lamp during a glow phase
ol startup.

10. The ballast as set forth 1n claim 9, wherein the control
circuit further comprises a capacitor that charges until 1t sur-
passes a Zener voltage of a Zener diode coupled to the gate, at
which point the gate turns on and the tertiary winding of the
second transformer 1s clamped, thereby reducing power to the
at least one lamp during transition into an arc phase of startup.

11. The ballast as set forth 1n claim 9, wherein the gate 1s a
MOSFET.

12. The ballast of claim 1, wherein the one or more lamps
1s a linear fluorescent lamp.

13. A startup system for a fluorescent lamp ballast, com-
prising;:

a voltage-fed inverter circuit having first and second gate

drive circuits, and a bias voltage supply;

a resonant circuit, coupled to the iverter circuit and to at

least one fluorescent lamp;

a control circuit that 1s coupled to the mverter circuit and

the resonant circuit; and

a startup circuit, hardwired to the inverter circuit, with a

first capacitor that charges when the bias voltage supply
supplies voltage to the startup circuit through a PFC
circuit.

14. The system as set forth in claim 13, wherein the startup
circuit supplies a pulse to the second gate drive circuit when
the first capacitor reaches a predetermined voltage level.
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15. The system as set forth 1n claim 14, wherein the control
circuit regulates inverter output power to supply maximum
power to the resonant circuit when the lamp 1s in a glow phase
of startup and a lesser amount of power during when the at
least one fluorescent lamp transitions to an arc phase of star-
tup.

16. The system as set forth in claim 15, wherein the control
circuit includes a MOSFET that 1s in an OFF state during the

glow phase of startup, and a second capacitor that charges
during the glow phase of startup.

17. The system as set forth in claim 16, wherein the second
capacitor 1s selected to have a charging period of a predeter-
mined duration to allow the lamp to complete the glow phase
and transition into the arc phase, and wherein the MOSFET
turns ON when the second capacitor exceeds the Zener volt-

age of a Zener diode coupled to the second capacitor and the
MOSFET.

18. The system as set forth 1n claim 17, wherein the MOS-
FET, in the ON state, causes a winding that inductively
couples the control circuit to the resonant circuit to bec-
lamped, thereby reducing power to the at least one fluorescent
lamp during the transition to the arc phase of startup.

19. A startup circuit, comprising;:

a diode with an anode connected to a positive terminal and
a cathode connected to a first node;

a capacitor connected to the first node, and a second node;
a first resistor connected 1n parallel with the capacitor; and
a second resistor connected to the first node and to a switch;

wherein the second node 1s coupled to a negative terminal
and to ground; and

wherein the startup circuit sends a pulse, via the switch, to
start a gate drive circuit.

20. The startup circuit of claim 19, wherein the capacitor
charges when power 1s supplied to 1t from a bias voltage
supply through a power factor correction circuit, and wherein
the startup circuit sends the pulse when the capacitor reaches
a predetermined threshold voltage.
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